The article discusses the genetic characterisation of Estonians on the basis of the traits of PTC and colour blindness in Estonian population samples from various parts of Estonia.
INTRODUCTION
Taste sensitivity to phenylthiocarbamide (PTC) and colour blindness belong to those physiological traits that directly prove genetic diversity of people concerning the perception of the world; they are highly informative genetic markers in the studies of human diversity.
Determing taste sensitivity to PTC begun as early as in 1931, after the chemical substance was synthesized by chemist A. L. Fox. On describing the taste of PTC it appeared that the people tested were divided into two groups; most people tasted it bitter, but to others it was without taste. So it was possible to discover polymorphism in the taste sensitivity to PTC, and to divide the human population into "tasters" and "nontasters" [4] .
Later the ability to taste the PTC was found to be inherited as a simple Mendelian dominant trait, and nontasting is a simple recessive characteristic, but there are references that the threshold of taste sensitivity is higher in heterozygotes than homozygotes [8] . For studying taste sensitivity, a standard method using serial dilutions of PTC was developed. It appeared that the "tasters" varied greatly according to their sensitivity to taste PTC; everybody has their own threshold (the lowest concentration of PTC where the bitter taste appears), and taste sensitivity in populations has a bimodal distribution, one mode -"tasters", the other -"nontasters" [7] .
Recent genetic PTC studies have revealed that the ability to taste PTC or not is conveyed by a single gene that codes for a taste receptor on the tongue. The PTC gene, TAS2R38, was discovered in 2003 [15] . Phenotypic variance in PTC sensitivity is accounted for the presence of just two common alleles: a tasting allele and a non-tasting allele, and the frequencies of these alleles in human populations correspond well to frequencies estimated from phenotype data [21] .
Inability to clearly identify different colours of the spectrum is widely known as colour blindness. An individual with normal colour vision is capable to distinguish all the primary colours and blend them into different tones of colours. In the case of partial colour blindness, an individual does not distinguish clearly, in most cases, between red and green colour. These colour vision deficiencies are named protanomaly and deuteranomaly, but the inability to perceive red and green coloursprotanop and deuteranop. Red-green colour blindness is a sex-linked trait; the corresponding genes are situated in the X chromosome, but normal colour vision is dominant in relation to colour blindness. Therefore, colour blindness is expressed mainly in men. Red and green colour pigments are present at the tip of the long arm of the X chromosome Xq28 [17] .
In the distribution of colour blindness and PTC taste sensitivity, regional and racial differences occur. Colour blindness is more frequent among the Caucasoid peoples than among the Mongoloids [9] . PTC nontasers appear more frequently among Caucasoid populations. In Mongoloid populations, as Japanese and Chinese, nontasters are con-siderably rare and, vice versa, tasters are found there much more frequently [18] .
These data have also been referred to in studies of Estonians, and erroneous statements about the occurrence of PTC nontasters in Estonia have been made; the corresponding studies still have to be started [19] . Population genetic studies of 10 polymorphic systems (blood groups, PTC, colour blindness) of the Estonian population have been studied by the author of the present paper, and genetic analyses have been given earlier [11, 12, 5:570, 6 :622]. The aim of the current study is to give an overview of the diversity of taste sensitivity to PTC and colour blindness among Estonians.
MATERIAL AND METHODS
The material used in the present study was gathered by the author mainly during the anthropological expeditions of the Institute of History of the Academy of Sciences in the 1970s and 1980s. The subjects were of Estonian descent; their parents and grandparents came from the same district. Tests were carried out on both schoolchildren and grown-up men. In the case of taste sensitivity to PTC, only the schoolchildren's material (2559 individuals from 24 regional locations) was used to avoid possible errors in the case of older people, and so that the data would be wholly comparable all over Estonia. The ability to detect the bitter taste of PTC was tested using 15 concentrations of PTC solutions, following the technique of Harris and Kalmus [7] . The concentrations of the solutions, in boiled tap water, were obtained by means of the formula 2.6×2-n g/l (where n is the number of the solution), whereby in the case of the strongest concentration n=0, in the weakest -n=15. Tasting was started from the solution with the lowest concentration (no.15). Between every different solution, pure water was given. The threshold for each subject was the lowest concentration at which he was able to distinguish the PTC solution from pure water. Approximately 2% of schoolchildren did not even feel the bitter taste of the strongest solution (n=0). These people are marked with a negative sign in Fig.1 . The distribution of the thresholds shows a typical bimodal shape (Fig.1) . The threshold for schoolchildren was solution no. 5. The subjects who felt the taste of PTC solutions no. 15-6 were regarded as "tasters", of no. 5-0 as "nontasters".
Colour blindness was studied among 4300 males from 33 districts. The colour vision test for red-green colour deficiency among men and schoolboys was carried out by using polychromatic tables by J. Rabkin [24] . The test was conducted in daylight inside a room, avoiding direct sunlight.
RESULTS AND DISCUSSION
As regards to PTC tasting ability, the data on Estonians exibit a bimodal distribution of the threshold (Fig. 1) . Among the 2559 individuals studied, 74.6% were tasters, 25.4% did not feel the bitter taste of PTC. The percentage and gene frequency of nontasters is given in Table 1 . The frequency of nontasters of PTC, t gene, varies in Estonian different local samples between 36% and 65%, with the mean frequency 50.4%) ( Table 1 , Fig. 2 ). In the West Estonian islands the t gene frequency is higher (60%) in comparison to the other parts of Estonia. It is also comparatively high in some other westernmost parts of West and SouthWest Estonia (56-57%). In the East Estonian region (in Alatskivi), in the area between Lake Võrtsjärv and Lakes Peipsi-Pihkva (Pskov) and in some locations of inner Estonia, the frequency is lower (40-53%) (Fig.2) .
Frequency of nontasters of PTC in Estonians is lower in comparison with the Finns; however, on the West Estonian islands and on the West Estonian coast, the percentage of nontasters of PTC is higher, being similar to that of other Finno-Ugric peoples, such as Komis, Maris, Hungarians but also non-Finno-Ugric peoples like Lithuanians, Russians, Swedes, et al. (Table 1, Table 2 ). Frequency of t gene in Latvians from Varakļāni is more similar to that of West-Estonian islands, from Alūksne to that of the South-East Estonian population. The frequency of nontasters is somewhat lower in Lapps from Inari and Kola Peninsula. The frequency of t gene is lower in the Mongoloid peoplesin Evenks 24%, Chinese 21%, etc. At that, taste sensibility to PTC is much higher in Mongoloid peoples who distinguish even a very weak solution (no.28) from pure water [25] . Taste sensitivity to PTC and colour blindness in Estonians 111
Fig. 2. Distribution of nontaster (t) gene.
Colour blindness. In Estonia, the colour blindness has been studied among male population (grown-up men and schoolboys). For testing colour blindness in Tallinn schools, 7.17% of schoolboys from 293 tested were found to be colour blind; among them -deuteranomaly 3.1%, protanamaly 1.35%, deuteranop 1.36% and protanop 1.36% [10] . These data correspond well with the earlier data by R. I. Serebrovskaya (in 235 males 3.0% of deuteranomaly and 1.3% of protanomaly) [27] . Table 3 shows the percentage of incidence of colour blindness. The frequency of colour blindness varies in different Estonian local samples between 2% and 9%, with the average 5.3%. The frequency is higher in East and North-East Estonia (6-8%). The frequency of cb gene in West Estonia is comparatively high as well (6,2%) and its frequency decreases towards South-East Estonia (Fig. 3) . The whole South-East is characterised by low occurrence of colour blindness (on average 4.3%). It is low on the West Estonian islands and in Central Estonia as well. In the distribution of colour blindness, regional and racial differences occur. In Europoid populations colour vision deficiency is higher than in Mongoloids [9] . In comparison with some other European populations, the mean percentage of Estonians' colour blindness is comparatively low ( Table 4) . Frequency of colour blindness in Latvians in Alūksne and Varakļāni is similar to that of Central and South-West Estonians. On the territory of Northern Eurasia the mean frequency is 5.5%, varying in the limits of 0.0%-24.0% [6:303] . Territory with the frequency below the mean (0.0%-4.3%) embraces the central and north-eastern regions of Siberia. Towards north and south and southwest the frequency increases. The highest frequency of colour blindness is found on the territory of Belarus with a nucleus in Grodnensk region -24.1% [6:303] . Thus, the survey showed genetic heterogeneity in the traits of taste sensitivity to PTC and colour blindness in Estonians; the greatest genetic differences were observed in the West-East direction (as in the other genetic characteristics of polymorphic systems [11, 12] ). On the West Estonian islands and on the West Estonian coast the percentage of nontasters of PTC is higher than anywhere else in Estonia. Frequency of colour blindness is higher in North, North-East and East Estonia; its mean frequency on the rest of the territory is lower. The genetic diversity in various traits seem to be a trace of the historical development of the Estonian nation.
